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BOD was reduced from 1479.5 m g / l  t o  133.0mg/l. This 
r e s a l t  snowed t h a t  the  disposal of sewage by the  devi- 
ce was e f fec t ive  i n  control l ing pol lut ion.  The sani- 
t a r y  e f f ec t  had been continuously observed f o r  more 
than f i v e  years i n  the  24 digesters .  The main indices  
could meet t he  requirement of sani ta ry  requlation. 
The san i ta ry  e f fec t :  
The f a t a l i t y  r a t e  of t h e  ascar i s  ova and hookworm ova 
was 100%. 
E,co l i  of t h e  average f a t a l i t y  r a t e  was 96.8%. 
The appearance of t he  t rea ted  sewage was clean i n  eyes, 
without odour. 
Indices of physics and chemistry: 
The COD was reduced from 3717-15283mg/l t o  57.1-93.04 
mg/l. The BOD was reduced from 720.7-4500mg/l t o  26.1- 
60mg/l. The S.S. was dropped from 1305-2585mg/1 t o  20- 
43mg/l. The T.S. was decreased from 0.19-1.42 t o  0.013 
2) The operation needs lower cost  f o r  da i ly  management, 
dosen't  consume any energy, covering biogas energy. 
3) A l i v i n g  quarter  needs a device f o r  disposing sewa- 
ge and excreta.  The d iges te r  plays a key ro l e  i n  t rea-  
t i n g  t h e  waste in  the  towns and small c i t i e s  where 
have no wastewater treatment plants .  
4) The Round Multiplestage Anaerobic Digester adopts 
round s l i g h t  s h e l l  construction, it saves a great  
amount s t e e l  f o r  d iges te r  construction. The investment 
of t he  device was l e s s  than other  devices which have 
been using f o r  t r ea t ing  the same sewage. 
A t  present ,  t h e  Round-multiplestage Anaerobic Digester 
have been popularized i n  many c i t i e s  and towns of the  
People's Republic of China successful ly  as t h e  diges- 
t e r  has the  mentioned advantage and features .  
-O. 043%. 
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ABSTRACT 
A non-conventional sewage treatment process t h a t  
icombines a UASB r eac to r  and a water hyacinth pond i s  presented. 
'Results obtained from a smal l  p i l o t  p l an t  confirm t h a t  i t  may be 
a good, adapted a l t e r n a t i v e  t o  developing count r ies .  
anaerobic r eac to r  removes carbonaceous organic matter and the  
water hyacinth pond po l i shes  t h e  e f f luen t ,  removing nu t r i en t s .  
The proposed treatment of t he  harvested biomass is  a two s tage  
anaerobic d iges t ion .  The experimental r e s u l t s  of both phases a r e  
a l s o  presented. 
The 
INTRODUCTION 
The wastewater treatment scheme shown i n  Fig. 1 ma) 
g ive  an answer t o  the  urgent needs o f  water po l lu t ion  cont ro l  i n  
developing count r ies .  The main reasons a r e  reduced cos t s  of 
cons t ruc t ion ,  opera t ion  and maintenance, and requirement of 
r e l a t i v e l y  unski l led  labour,  i f  compared with conventional 
aerobic  processes.  The system i s  being s tudied  a t  bench sca l e  
sepa ra t ing  t h e i r  four  components and a l toge the r  i n  a small  p i l o t  
p lan t .  It cons i s t  of a primary and secondary treatment i n  a UASB 
r eac to r ,  a t e r t i a r y  treatment i n  a water hyacinth (W) pond and t 
two s t age  treatment of t he  excess harvested WH. 
The ob je t ives  of t h i s  p r o j e t  a re :  a )  study the anaerobic 
t rea tment 'o f  a municipal sewage, both a t  l abora tory  and small  
p i l o t  @cale ,  b) ob ta in  a model f o r  n u t r i e n t  and heavy metal  
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a Block diagram of t h e  anaerobic digestion-water hyacinth 
pond wastewater treatment process.  
removal by WH, 
and d) study the  methanogenesis of t he  VFA obtained i n  c ) .  
c) f i n d  a k i n e t i c  model on the  hydro lys i s  of  WH, 
ANAEROBIC TREATMENT OF SEWAGE 
' A smal l ,  p i l o t  s c a l e  UASB r eac to r  
has  been working f o r  more than a year.  The wastewater i s  pumped 
from the  sewage of t he  un ive r s i ty  campus t o  a 110 1 UASB r eac to r ,  
and i ts  e f f l u e n t  i s  then d i r ec t ed  t o  a 0.64 u?, 0.6 m depth tank 
where water hyacinth grows. The ' r eac to r  was inocula ted  with 
anaerobica l ly ,  batch adapted ac t iva t ed  s ludge  (1.57 kg VSS/m3, 
s ludge volume index: 80 ml/g).  The hydrau l i c  r e t e n t i o n  time (e) 
was f i r s t  f ixed  a t  18 h and now it has  been changed t o  12 h. .The 
water temperature has  var ied  between 12 and 1 8 ° C .  TABLE 1 shows. 
r e s u l t s  and th? efficiencies achieved. 
i 
TABLE 1. Experimental  r e s u l t s  obtained wi th  a UASB reac to r  
coupled i n  s e r i e s  with a Water Hyacinth (WH) pond 
f f l u e n t  WH 
? 
In a p a r a l l e l  l abo ra to ry  study with a UASB and a USFF (upflow 
s t a t i o n a r y  f ixed  f i lm) reac to r s ,  s i m i l a r  r e s u l t s  where obtained 
( e f f l u e n t  DQO: 157 mg/l f o r  t h e  UASB and 135 mg/l  f o r  t h e  USFF). 
These r e s u l t s  confirm the  main l i m i t a t i o n  of t h e  anaerobic 
treatment of sewage: The COD removal e f f i c i ency  is  l imi t ed  
between 60 t o  80%, depending pn sewage s t r eng th ,  mostly due t o  
t h e  CH4, HS- and S2- disso lved  i n  the  e f f luent ,Never the le6s ,  
these  compounds may be removed q u i t e  e a s i l y ,  toge ther  with 
n u t r i e n t s  (N and P) i n  water hyacinth ponds. The f i n a l  e f f l u e n t  
q u a l i t y  achieved i n  t h i s  study seems t o  prove i t ,  
UTRIENT REMOVAL BY WATER HYACINTH 
The main objec t ive  of water 
ac in th  ponds i n  wastewater treatment i s  f o r  n u t r i e n t  and tox ic  
bs tances  removal. 
t u r a t i o n  ponds. From l i t e r a t u r e  and a s e r i e s  of experiments 
Nasuring t h e  metabolic c o e f f i c i e n t  f o r  N absor t ion  under severa 
and P concent ra t ions ,  a design equation, showing t h e  inverse  
' fec t  of t h e  organic  load ,  is obtained. An adimentional number 
IRC) i s  introduced showing t h e  rate of nu t r i en t  removal compare 
I t h e  n u t r i e n t  load  inpu t  t o  t h e  system (No); 
o rder  t o  use  them e f f i c i e n t l y  they must be designed as  
(1) u x 0.2535 2.32E06).2647 % N r  = 3 . 2 1 ( ~ ~ )  (B
A t  
iere NRC = (pX),/(YnNo). 
i Ton WH per  Kg of N. 
:gum 2 shows p l o t s  of N removal e f f i c i ency  a s  a function of t h  
rganic load a t  seve ra l  NRC. When NRC>I,  the  system can rece ive  
I t o  30 Kg BOD/Ha.d. For NRCC1 loads l e s s  than 10 Kg BOD/Ha.d 
re c r i t i c a l  t o  s i g n i f i c a t i v e l y  reduce 80% of n u t r i e n t s  a t  
2tentiön times less than 10 days. 
X i s  expressed a s  Ton WH per  Ha and Yn 
IM)ROLYSIS OF WATER HYACINTH 
/The  pioduction of a c e t i c  ac id  (A) 
ìs s tud ied  and a k i n e t i c  model developed a s  a func t ion  of t he  
l i t i a l .  concent ra t ion  of water hyacinth f i b e r  (So). 
: f f e ren t  dupl ica ted  sets of milled (d=1.68 mm) and d r i ed  WH 
tspensions (10, 30, 50,  50, 75, 100 g/l) were mixed with 2.5 ml 
t enriched inoculum of c e l l u l o l i t i c  bac t e r i a  (WH adapted cow 
mure) pe r  g of dry WH add t ap  water under anaezobic conditions 
le beakers were incubated a t  35'C under ag i t a t ion .  The a c e t i c  
-id production w a s  followed'and the  r a t e s  ( r )  evaluated a t  24 
e s .  The i r  i nve r ses  were p l o t t e d  aga ins t  t he  i n i t i a l  WH 
incent ra t ions  (So) Fig.3. A t  concentrations between 75 and 100 
-1/1 t h e  f a s t e s t  rate was obtained producing e f f l u e n t s  with 
x icent ra t ions  g r e a t e r  than 5 g of VFA/l. The a rea  under thecur -  
srresponds t o  t h e  space time. The corresponding equation can be 
S ix  
u. Performance. of water hyacinth ponds a t  d i f f e r e n t  organic 
and n u t r i e n t  loads.  
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2tained by t h e  Simplex method of nonl inear  regression: 
- * -  1' d t  = (K + S)Y 
r U". pmaxXSY 1.25*S*0.32$7 
P 
(893 +'5)0.062 
xperimental runs with a l i x i v i a t i o n  r eac to r  are i n  progress  t o  - 
ry t h i s  model. 
[ETHA"ITJANGENESIS FROM VFA 
/ 
The e f f l u e n t  of a mixed r eac to r  f o r  
a t e r  hyacinth h y d r o l i s i s  has been simulated (3.5 and 1 g / l  of 
c e t i c  w d  propionic  ac id ,  r e spec t ive ly )  and fed t o  four  
aboratory s c a l e  anaerobic r eac to r s :  two UASB (4.5 1) and two 
SFF (4.75 1). Anaerobically batch adapted cow manure and 
c t iva t ed  s ludge  were used f o r  seeding. The last  one t u r n  out  t o  
e a b e t t e r  seed ma te r i a l  a s  i t  reached f a s t e r  highermethanogeni 
c t i v i t y  and sed imentabi l i ty .  The research  was ca r r i ed  a t  32°C 
d e r  a wide range of hydrau l i c  r e t e n t i o n  times (74 t o  2 h ) ,  The 
xperimental r e s u l t s  a r e  shown i n  Fig.  4. . ' Both types  of 
eac to r s  were success fu l  i n  t r e a t i n g  high organic  loads  (Bv:15 
g COD/m3-d with a COD removal e f f i c i ency  of 92% and a 0 of 12 
) .  A t  h igher  l oads ,  e f f i c i ency  decreased r ap id ly  t o  52% f o r  a 61 
g,COD/m3.d and a 0 of 2 h ( f o r  USRF 1). 
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lig. Organic ma t t e r  removal e f f i c i ency  r e l a t e d  t o  space time 
and t o  organic  load  f o r  UASB and USFF r eac to r s .  
i 
1 
j 
i 
i 
t 
1 
I 
I 
I 
A measurement of t h e  sludge content i n  UASB 2 when operated a t  a 
0 of 12 h and a Bv of 9.9 kg COD/m3.d (E=94%) conducted t o  a 
s p e c i f i c  s u b s t r a t e  removal rate (qs) of 9.3 kg COD/kg VSSSd, and 
a methanogenic a c t i v i t y  (qCH4) of 3.46 1 CHq/kg VSSad. These 
va lues ,  i f  compared wi th  r e s u l t s  of a c e t o c l a s t i c  methanogenic 
a c t i v i t i e s  repor ted  i n  l i t e r a tu re , show t h a t  t h e  sludge was high1 
a c t i v e ,  near  t o  sa tu ra t ion ,  bu t  s t i l l  capable of achieving high 
removal e f f i c i e n c i e s .  The amount of b io f i lm  i n  t h e  USFF reac to r s  
were estimated with the  void volumes a t  the  end and a t  t he  
beginning of t h e  study. This rough approach led  t o  a qs of 2.37 
kg COD/kg VSSsd and a 9 ~ ~ 4  of 0.73 1 CHq/kg VSSad f o r  USFF 1.USS 
2 had i n f e r i o r  (about a h a l f )  rates. The r e s u l t s  confirm the  
capac i ty  of UASB r eac to r s  t o  develop h ighly  a c t i v e  methanogenic 
sludges.  F ina l ly ,  t r a c e r  s t u d i e s  on the  USFF reac to r s  showed the  
presence of important dead zones and shor t  c i r c u i t s .  
This work was financed with funds from the  
Organization of American S ta t e s  (OASI, The Mexican Council of 
Science and Technology (CONACYT) and the  Mexican Secretary of 
Education (SEP-PRONAES) 
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